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Abstract: Due to various architectural and other structural requirements, the beams are required to have web openings. The
presence of opening reduces the strength of the beam.The objective of current research is to evaluate the strength of ISMB beam
with web opening. The structural durability of beam is evaluated using techniques of FEA. The modelling and FEA simulation is
conducted using ANSYS software. From the FEA analysis the structural durability of ISMB beam with rectangular web opening
is determined. The critical regions are identified based on higher stresses and strains. The higher deformation is obtained at the
zone of web opening. The FEA results have shown that incorporation of web opening reduces the flexural strength of the beam.
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l. INTRODUCTION

The presence of holes in the webs of steel columns is one of the challenges encountered by designers of steel elements. The
openings are necessary for two reasons. The first is to accommodate extensions for air conditioning conduits, sewage and
electrical lines, which are at the same level as the steel pillars. The second reason is that the presence of successive apertures
reduces the amount of materials required to manufacture the steel webs for cellular beams. In contemporary architectural
practices, the integration of a complex system of pipes and ducts is vital to facilitate the provision of essential utilities like as
power, water, sewage, electricity, gas, air conditioning, and computer networking. = To maintain aesthetic appeal, it is usual
practice to position these conduits and pipes under the beam soffit and disguise them with a suspended ceiling, resulting in the
creation of a vacant space. By routing these conduits via transverse perforations in the floor timbers, the reduction of wasted
space is achieved, resulting in a more compact design. The potential savings may not be considerable for smaller buildings.
Nevertheless, even a modest decrease in the height of each floor, when multiplied by the number of floors, can lead to substantial
cost reductions for multi-story constructions. These savings can be observed in various aspects such as the overall height of the
building, the length of electrical and air conditioning ducts, plumbing risers, walls and partition surfaces, as well as the load on
the foundation. The incorporation of holes into beams undeniably provides intricacy to their essential characteristics. The
presence of rapid changes in sectional arrangement at opening corners might result in higher stress concentrations, which may
ultimately cause ugly and persistent splitting. Moreover, the lower stiffness of a continuous beam might cause a significant
redistribution of internal stresses and moments, potentially resulting in excessive bending when subjected to service load.
Insufficient provision of additional reinforcement, both in terms of number and level of detail, may significantly undermine the
strength and utility of the beam. The many types of small apertures, such as circular, square, or nearly square holes, may be
considered as long as their depth (or diameter) inside the beam is proportional to their size in a realistic manner. Specifically, the
depth should not exceed 40% of the overall beam depth. In this particular scenario, it may be inferred that beam action would
likely result in a triumph. As a result, the procedures involved in investigating and constructing a beam with small openings may
bear similarities to those controlling a beam without any openings. However, the presence of apertures disrupts the smooth flow
of loads, resulting in the build-up of stress and early fracture at the entry. In order to effectively manage fracture widths and
mitigate early beam failure, it is necessary to add a sufficient amount of specialized reinforcement throughout the perimeter of the
aperture, as is often required for any kind of discontinuity.
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Il. LITERATURE REVIEW

Mansur et al. [1] reported that the application of CFRP plates in beam reinforcement resulted in a 7.5% increase in shear-cracking
pressures, while the use of non-shrink grout in beam filling led to a 2.5% decrease in such pressures.

Hammad et al. [2] The experimental programme consisted of four beam specimens on a large scale. Every individual sample
exhibited a solitary aperture located within the shear zone in proximity to the support. The initial depth constituted 56% of the
total depth of the web. The sole factor that influenced the outcome was the nature of the reinforcement. Due to the presence of an
aperture in the first beam, which functioned as a benchmark, the second beam was strengthened with horizontal steel bars.
Distinct segments of CFRP with unidirectional fibres were utilised to externally reinforce the aperture of the third and fourth
beams in their entirety. Furthermore, the incorporation of individual carbon fibre reinforced polymer (CFRP) plies was
implemented to enhance the initial chords of both the lower and upper webs.

Tanijaya and Hardjito. [3] conducted study to assess the performance of three T-beams with a hybrid composition comprising
reinforced concrete and lightweight concrete. With the exception of the third beam, an aperture of 0.53D was created within the
web of each remaining beam, specifically in the zones of low flexural moment-high shear and high flexural moment-shear. The
specimens' behaviour was evaluated by assessing the observed reduction in strength, rigidity, and energy dissipation capacity. The
test results indicate that the beams containing apertures located in regions of low flexural moment-high shear and high flexural
moment experienced a reduction in their ultimate capacity and fracture load by a range of 3% to 10% and 15% to 19%,
respectively.

Biswal et al. [4] investigated the behaviour and failure mechanisms of reinforced concrete T-beams with web openings that were
reinforced using externally bonded carbon fibre reinforced polymer (CFRP) sheets. A total of eleven full-scale beams, each
featuring a solitary circular aperture located at the shear zone, underwent testing. The factors under consideration were the steel
stirrups, the ratio of shear span to depth, and the count of CFRP sheets. The experimental findings indicate that the detachment of
fiber-reinforced polymer (FRP) sheets took place prior to the occurrence of the fragile shear failure of the reinforced specimens.
Nevertheless, the specimens' shear capacities have exhibited an increase ranging from 4.7% to 34.57%. The findings of the tests
indicate that the utilisation of CFRP external reinforcement enhances the shear capacity, as determined by test variables such as
wrapping techniques, fibre orientations, anchoring techniques, and layer counts.

Oukaili et al. [5] examined the performance of fourteen reinforced concrete T-beams that were equipped with multiple web
apertures. The reinforcement method employed in the study involved the use of CFRP fabric. The variables under consideration
comprised the quantity of apertures, the loading category, and the approach employed for reinforcing the structural elements at
the apertures. Prior to casting the apertures, the researchers encircled the entrances internally with distorted steel rods. The
researchers employed CFRP fabric as a reinforcement material when creating apertures in pre-existing timber structures. This
study employed three distinct Carbon Fibre Reinforced Polymer (CFRP) fabric arrangements, namely vertical, horizontal, and
inclined. The experimental findings revealed that T-beams featuring four and six circular apertures in the unreinforced web, with
a diameter equivalent to 48% of the web depth, exhibited a reduction in strength capacity of 30% and 41%, respectively,
compared to T-beams without any openings.

Aziz et al. [6] The testing programme employed eight beams that featured circular apertures measuring 62.5% of the width of one
side of the flange. Furthermore, the study took into account the influence of cold joints as well as the quantity and positioning of
flange apertures. The reference beam was fabricated without any cryogenic connections or apertures. Empirical findings suggest
that the shear capacity of a beam that features a single flange opening located at a distance of L/3 from the beam edge undergoes a
reduction of roughly 22%. In contrast, the shear capacity of a beam that features a single flange opening located at a distance of
L/2 from the beam edge undergoes a reduction of approximately 32%. The reduction in a beam's size is influenced by the location
of its flange apertures. Specifically, a beam with two flange apertures located at a distance of L/3 from the beam edge experiences
a reduction of approximately 17%, while a beam with two flange openings located at a distance of L/2 from the beam edge
experiences a reduction of approximately 39%.

I11. OBJECTIVE

The objective of current research is to evaluate the strength of ISMB beam with web opening. The structural durability of beam is
evaluated using techniques of FEA. The modelling and FEA simulation is conducted using ANSY'S software.
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IV. METHODOLOGY
For conducting structural analysis, the ANSYS FEA simulation tool is used. The FEA analysis is conducted using different
steps. In the 1st step the model is developed in design modeler.

Figure 1: Side view of ISMB beam
The model of ISMB beam is developed using sketch and extrude tool. The developed model of ISMB beam is shown in
figure 1. The side view and front view of ISMB beam is shown in figure 1 and figure 2.
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Figure 2: Front view of ISMB beam
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Figure 3: Meshed model of ISMB beam

The ISMB beam model is discretized using tetrahedral element type. The tetrahedral element is selected due to topological
inconsistency. The fine sizing meshing is selected with normal inflation.
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Figure 4: Structural loads on beam

The structural loads and boundary conditions are applied on the beam. The structural boundary conditions involve
applying support and loads. The fixed support is applied at the base of the beam. After applying boundary conditions, the
simulation is run as per standard solver settings. From the simulation the nodal displacement and strain values are
obtained.

V. RESULTS AND DISCUSSION
The FEA simulation is run to determine the structural stability of beams. The principal elastic strain is higher at the

support regions wherein the magnitude is .000826mm/mm. The strain is lower at various regions of beam wherein the
magnitude is .000013mm/mm.
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Figure 5: Principal elastic strain plot
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Figure 6: Equivalent stress distribution plot

The equivalent stress distribution plot is obtained for ISMB beam. The equivalent stress distribution shows non uniform
magnitude at different regions. The equivalent stress is higher at the support regions. The equivalent stress at blue
colored zone is 28.2MPa. The equivalent stress at the mid-section zone of the beam is nearly 130MPa.
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Figure 7: Total Deformation plot

From the structural analysis, the total deformation plot is obtained for the ISMB beam. The total deformation is maximum
at the center of the beam. The deformation reduces along the length of the beam. The deformation at the center of the
beam is 16.8mm and deformation at the support regions is nearly 12.6mm.

VI. CONCLUSION

From the FEA analysis the structural durability of ISMB beam with rectangular web opening is determined. The critical
regions are identified based on higher stresses and strains. The higher deformation is obtained at the zone of web
opening. The FEA results have shown that incorporation of web opening reduces the flexural strength of the beam.

JETIR2311360 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d486


http://www.jetir.org/

© 2023 JETIR November 2023, Volume 10, Issue 11 www.jetir.org (ISSN-2349-5162)

REFERENCES

[1] P. Smarzewski, Analysis of failure mechanics in hybrid fiber-reinforced high-performance concrete deep beams with and
without opening, Materials 12 (1) (2018), https://doi.org/10.3390/ma12010101.

[2] R.F. Makki, A.T. Jassem, H.A. Jassem, Behavior of reactive-powder concrete deep beams with CFRP-strengthened openings,
Pract. Period. Struct. Des. Constr. 24 (4) (2019), https://doi.org/10.1061/(ASCE)SC.1943-5576.0000443.

[3] Abbas A. Allawi, Nazar K. Oukaili, Waleed A. Jasim, Strength compensation of deep beams with large web openings using
carbon fiber-reinforced polymer sheets, Adv. Struct. Eng. J. 24 (1) (2021) 165-182, https://d0i.org/10.1177/1369433220947195.

[4] W. Jasim, A. Allawi, N. Oukaili, Strength and serviceability of reinforced concrete deep beams with large web openings
created in shear spans, Civ. Eng. J. 4 (11) (2018) 2560-2574.

[5] M. Elsayed, S. Badawy, B. Tayeh, et al., Shear behavior of ultra-high performance concrete beams with openings, Structures
43 (6) (2022) 546-558, https://doi. org/10.1016/j.istruc.2022.06.071.

[6] D. Lam, Composite Steel Beams Using Precast Concrete Hollow Core Floor Slabs, University of Nottingham, 1998 1998
Ph.D. thesis.

[7] J.C. Chapman, S. Balakrishnan, Experiments on composite beams, Struct. Eng. 42 (1964) 369-383.

[8] J.B. MENZIES, Cp 117 and shear connectors in steel-concrete composite beams made with Normal-density of lightweight
concrete, Struct. Eng. 49 (1971) 137-154.

[9] J.G. Ollgaard, R.G. Slutter, J.W. Fisher, Shear strength of stud connectors in lightweight and normal weight concrete, AISC
Eng. J. (1971) (1971)55-34.

[10] W.C. Clawson, D. Darwin, Strength of composite beams at web openings, ASCE J. Struct. Div. 108 (1982) 623—641.

[11] T.M. Roberts, R.I.M. Al-Amery, Shear strength of composite plate girders with web cutouts, J. Struct. Eng. 117 (1991)
1897-1910, https://doi.org/10.1061/(ASCE) 0733-9445(1991)117:7(1897).

[12] N.E. Shanmugam, S.F. Darehshouri, S.A. Osman, Experimental study on composite plate girders with web opening, Proc.
Inst. Civ. Eng. - Struct. Build. 167 (2014) 704-717, https://doi.org/10.1680/stbu.13.00043.

[13] T. Chen, X. Gu, H. Li, Behavior of steel-concrete composite cantilever beams with web openings under negative moment,
Int. J. Steel Struct. 11 (2011) 3949, https://doi.org/10.1007/S13296-011-1004-8

[14] L. Li, W. Liao, J. Wang, D. Zhou, Behavior of continuous steel-concrete composite beams with web openings, Int. J. Steel
Struct. 15 (2015) 989-997, https://doi. org/10.1007/s13296-015-1218-2.

[15] M.A. Gizejowski, W.A.S. Khalil, Stability and ductility of castellated composite beams subjected to hogging bending, in: E.
Batista, P. Vellasco, L. de Lima (Eds.), SDSS’Rio, 2010, Stab. DUCTILITY STEEL Struct, Rio de Janeiro 2010, pp. 839-846.

[16] R.G. Redwood, P.K. Wong, Web Holes in Composite Beams with Steel Deck, 1982 41.

[17] R.C. Donahey, D. Darwin, Web openings in composite beams with ribbed slabs, J. Struct. Eng. 114 (1988) 518-534,
https://doi.org/10.1061/(ASCE)0733-9445 (1988)114:3(518)

[18] D. Darwin, R.C. Donahey, LRFD for composite beams with unreinforced web openings, J. Struct. Eng. 114 (1988) 535-552,
https://doi.org/10.1061/(ASCE)0733-9445 (1988)114:3(535)

[19] B. Djebli, D.E. Kerdal, A. Abidelah, Additional and total deflection of composite symmetric cellular beams, J. Constr. Steel
Res. 158 (2019) 99-106, https://doi.org/10. 1016/j.jcsr.2019.03.015.

[20] K.. Chung, R.. Lawson, Simplified design of composite beams with large web openings to Eurocode 4, J. Constr. Steel Res.
57 (2001) 135-164, https://doi.org/10. 1016/S0143-974X(00)00011-0.

[21] R.M. Lawson, K.F. Chung, A.M. Price, Tests on composite beams with large web openings to justify existing design
methods, Struct. Eng. 70 (1992) 1-7.

JETIR2311360 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d487


http://www.jetir.org/
https://doi.org/10.3390/ma12010101
https://doi.org/10.1061/(ASCE)SC.1943-5576.0000443
https://doi.org/10.1177/1369433220947195
https://doi.org/10.1680/stbu.13.00043
https://doi.org/10.1007/S13296-011-1004-8

